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ABSTRACT
An analysis of the influence of air nozzles’ shape design on the NOx emission in the
large-scale CFB boilers operated under comparable operating conditions was
undertaken in the study. The obtained results have shown, that the change in
primary air distribution in the lower part of the combustion chamber has substantially
influenced the intensity of the combustion process and the temperature distribution
along the CFB structure height.
INTRODUCTION
In the circulating fluidized bed system, mixing of fuel particles and air streams in the
lower part of the combustion chamber creates a macro-process of mixing. This
macro-process contributes to a temperature distribution within the boiler combustion
chamber and, as a consequence, directly or indirectly affects the quality of the
combustion process carried out in the CFB space. A basic factor, aside from the
process parameters, which influences the operating conditions of the lower
combustion chamber part, i.e. the bottom and the dense regions, is the design of the
primary air nozzles. The task of the air nozzles is to provide a uniform distribution of
primary air over the cross-section of the lower combustion chamber part. This is
particularly important owing to the necessity of obtaining uniform fluidization in the
chamber and the resultant uniform oxygen concentration in its cross-section. The
proper nozzle configuration should also prevent the loose material from flowing back
to the windbox. This is particularly important at the time of boiler startup or during
boiler operation under lower loads.
MODELING
The numerical calculations of the distribution of the temperature and gas velocity
fields in the combustion chamber was carried out with using the FLUENT 6.1.18
processor. A pulverized coal combustion simulation was selected. This simulation
involves modeling a continuous gas phase flow field and its interaction with a
discrete phase of coal particles. It was assumed in computer simulation that fuel
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the supply of the fuel and the oxidizer in the form of two separate streams. This
model does not allow for the effect of bed material particles on the combustion
process, which creates considerable limitations to its use for the fluidized bed.
However, the primary objective of the numerical simulations carried out was to show
the influence of the air nozzle design on combustion process quality. Therefore, the
obtained simulation results, even with such a simplification of the problem, do permit
the comparative analysis to be performed.
The assumption on the effect of the nozzle design on the temperature distribution in
the combustion chamber can be confirmed with the help of numerical simulations,
which in the past were performed by Mirek et all [1]. During the simulations nozzles
of three different designs were selected, as shown in Fig. 1, which were installed on
the distributor in the identical locations, had identical cross-sections of inlet and
discharge openings and operated with the same air volume streams.

Figure 1 Nozzle designs subjected to numerical analysis [1]

Figure 2 shows temperature fields generated in the combustion chamber contour for
an arrowhead nozzle (Fig. 2a), a “T”-type nozzle (Fig. 2b) and a “Y”-type nozzle.
Comparison of respective diagrams clearly indicates that the formation of a
temperature field is closely related to the mode of primary air distribution over the
grid, i.e. in the bottom region of the CFB structure. Hence, the temperature profile
that forms in the internal space of the boiler depends to a considerable degree on
the nozzle design.
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Figure 2 Temperature fields generated for different air nozzle designs: a) arrowhead nozzle,
b) “T”-type nozzle, c) “Y”-type nozzle

Figure 3 shows contour-line velocity fields generated in the longitudinal section of
the boiler combustion chamber for different designs of nozzles installed on the air
distributor.

Gas velocity, U, m/s

a.

Gas velocity, U, m/s

Gas velocity, U, m/s
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c.

Figure 3 A velocity field formed in the vicinity of: a) the arrowhead air nozzle, b) “T”-type air
nozzle, c) the “Y”-type air nozzle

It follows from Figure 2 that, despite the overall dimensions of the combustion
Published bybeing
ECI Digital
Archives,
2007than those of the primary air nozzle, the geometry of the
3
chamber
much
larger

MIREK, SEKRET, NOWAK

972

latter The
influences
to aConference
considerable
extent
formation
of Engineering,
the velocity
12th International
on Fluidization
- New the
Horizons
in Fluidization
Art. 119field
[2007]in the
boiler internal space. The uniformity of air distribution over the cross-section of the
boiler combustion chamber is the result of, inter alia, changes occurring in the
internal space of the air nozzles. Figure 3 presents velocity fields formed in the
internal space of, respectively: the arrowhead nozzle, the “T”-type nozzle and the
“Y”-type nozzle. The analysis shows that the formation of the velocity field in the
lower combustion chamber part results specifically from the manner in which the air
nozzle discharge arms are arranged relative to the inlet channel. As suggested by
the investigation reported in work [2], this effect is highlighted especially when the air
stream flowing in the internal nozzle space undergoes considerable changes in
direction. This case is characteristic of the arrowhead air nozzle, for which a nonuniform velocity profile forms in the discharge arm cross-section, as can be seen in
Figure 3a.
EXPERIMENTAL TESTS
Experimental tests were carried out on two 670 MW circulating fluidized bed boilers.
The boiler combustion chamber at the fluidizing grid level is 21.2 m long and 5.2 m
wide, with the width growing with increasing distance from the grid. At the height of
6.7 m, the combustion chamber width is 9.9 m and does not change with a further
increase of the distance from the grid. The height of the combustion chambers is
equal to 44.8 m. The boilers tested differed in the shape of primary air nozzles. In
the case of boiler A, the primary air grid was equipped with so called „pigtail”
nozzles, while in the case of boiler B with so called „arrowhead” nozzles. The
photographs of the nozzles are shown in Fig. 4.

a.

b.

Figure 4 Photographs of primary air nozzles on 670 MW boilers: a) a „pigtail” nozzle, b) an
„arrowhead” nozzle

During the investigation, the analysis of the effect of the primary air nozzle design on
gaseous pollutant emission was performed. For this purpose, the measurements of
concentrations of the normalized combustion gas components, i.e. CO, SO2 and
NOx, were carried out in boilers A and B. Five measurement ports, each of a crosssection of 22mm x 52mm, made in all walls at a distances of 0.25 m, 2.5 m and 36 m
from the air distributor were used in the tests. Through the prepared measurement
ports, a water-cooled temperature probe was inserted to the combustion chamber
interior. The probe was 20 mm x 50 mm in cross-section and 4.5 m long. The
gaseous pollutant concentrations were measured in the convection pass.
http://dc.engconfintl.org/fluidization_xii/119
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Table 1 Mirek
Parameters
the boilers
A andShape
B on the NOx Emission
et al.: The of
influence
of Air Nozzles'
General
electric power
efficiency
the useful heat output
Fuel consumption
Live steam
Mass flow [kg/s] - 185.4
Pressure [MPa] - 13.17
Temperature [K] - 813
RH steam
Mass flow
Pressure [MPa] - 2.45
Temperature [K] - 813

235
90
529
71.3

MW
%
MW
kg/s

185.4
13.17
813

kg/s
MPa
K

165.5
2.45
813

kg/s
MPa
K

During the tests, the boilers were running under comparable operating conditions.
Table 2 presents characteristic of fuel and sorbent used in CFB boilers. brown coal
is 9745 kJ/kg, moisture content – 44%, ash – 22.5%, sulfur – 0.4-0.8%.
Table 2 Fuel and sorbent characteristic
Component
Fuel
C, %
H, %
S, %
N, %
Sorbent
CaCO3, %
MgCO3, %

Value
23.9
1.9
0.4-0.8
0.2
92.0
2.5

Component
Fuel
O, %
Moisture, %
Ash, %
HHV, kJ/kg
Sorbent
Inert, %
Moisture max., %

Value
6.8
44.1
6.5-31.5
8370-12140
4.5
1.0

RESULTS AND DISCUSSION
Figure 5 shows the distribution of temperature along the combustion chamber
height in two 670 MW boilers A and B tested. During the test, the boilers operated
under comparable operating conditions. The basic constructional difference between
these boilers was that use of different primary air nozzles. As shown in Figure 5, the
change in primary air distribution in the lower part of the combustion chamber has
substantially influenced the intensity of the combustion process and the temperature
distribution along the CFB structure height. In the boiler B, with „arrowhead” nozzles,
a shift of the combustion process from the bottom region to the dense region located
at a height of 2.5 m from the grid was observed. In addition, the insufficient mixing
process in the boiler B lower region resulted in a reduction of heat transfer in this
part of the CFB structure. As a result this process is transfered to the upper part of
the combustion chamber. As a consequence an increase in the average temperature
in the combustion chamber and a higher temperature gradient between the lower
and the upper parts of the combustion chamber of boiler B occurs compared to
boiler A. A direct effect of the thermal and flow condition differences between both
boilers tested were different CO, SO2 and NOx concentrations.
Published by ECI Digital Archives, 2007
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Figure 5 Distribution of temperature along of the combustion chamber height of 670 MW
CFB boilers

The operating conditions of the boilers and the obtained testing results are
summarized in Table 3.
Table 3 Results of tests on the 670 MW CFB boilers
Parameter
i

670 MW - A
6

670 MW - B
627 * 106

Q,W

627 * 10

SO2, mg/mn3 (6% O2)

345

363

NOx, mg/mn3 (6% O2)

152

238

CO, mg/mn3 (6% O2)

8

3

Ca/S, mol Ca/mol S

2.6

2.6

λ, −

1.2

1.2

∆pf, Pa

7490

7520

As shown by Table 3, the basic difference occurred in the case of NOx emission. The
concentration of this gas component amounted to 152 mg/mn3 for boiler A and 238
mg/mn3 for boiler B. It can be stated that for the two compared boiler units supplied
with the identical fuel (in terms of quality) and running under comparable operation
conditions, the factor determining the difference in the amount of emitted nitrogen
oxides was the design of the air nozzles. The boiler operating based on “pigtail”
nozzles exhibited a considerably lower NOx emission compared to the boiler with
“arrowhead”
nozzles.
http://dc.engconfintl.org/fluidization_xii/119
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SUMMARY

The bottom region of a CFB boiler plays a crucial role in the distribution of primary air
and the creation of hydrodynamic conditions in the lower part of combustion
chamber of a high-power boiler. The distribution of air in the lower part of the
combustion chamber strongly influences the process of mixing the gaseous and the
solid phases in this region, which, as a consequence, has a significant effect on the
formation of the temperature field and the gas velocity field. Hence, the temperature
profile that forms in the internal space of the CFB structure of the large technicalscale boiler and the intensity of the mixing process depend to a considerable extent
on the nozzle design, and specifically on the manner in which the air nozzle
discharge arms are arranged relative to the inlet channel. The confirmation of the
observed phenomena was a lowering of NOx concentration in the combustion gas
with a modification of the design of primary air nozzles on two 670 MW CFB boilers.
NOTATION
U0

-

superficial gas velocity in lower CFB part, m/s

Ta

-

average temperature of the bed material in the core of the CFB structure (distance
from the wall – from 0.2 to 3.0 m), K

∆pf

-

bed material pressure drop in furnace, Pa

dp

-

average bed material particle diameter, m

Gs

-

2
external solids mass flux density, kg/(m s)
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